We investigated the optimum culture conditions for the production of a novel enzyme, N-substituted formamide deformylase, which acts mainly on N-benzylformamide, in Arthrobacter pascens F164. The highest enzyme activity was obtained when this strain F164 was cultivated in a synthetic medium with N-benzylformamide as sole nitrogen source. This deformylase was found to be an inducible enzyme depending on Nbenzylformamide.
We have been interested in the enzymes involved in the metabolism of nitrile [1] [2] [3] [4] [5] and its isomer, isonitrile. Isonitrile (more generally called isocyanide), like nitrile, is generally a highly toxic compound with an isocyano group (-NC). Although naturally occurring isonitriles are elaborated by various organisms, including bacteria, fungi, and marine sponges, 6, 7) the metabolism of isonitriles was unknown at the protein and gene levels before we discovered an isonitrile-degrading enzyme, which was designated isonitrile hydratase. It is the first known enzyme involved in the isonitrile metabolism. 8, 9) The enzyme catalyzes the hydration of an isonitrile to the corresponding N-substituted formamide: R{NC þ H 2 O ! R{NH{CH(=O). But there have been no reports on an enzyme that is involved in the further metabolism of an N-substituted formamide produced from the corresponding isonitrile. Very recently, we discovered a novel enzyme, N-substituted formamide deformylase (NfdA), in the isolated microorganism, Arthrobacter pascens F164, that is able to degrade Nbenzylformamide (NBFA) (which is an N-substituted formamide) and the corresponding isonitrile, benzyl isocyanide. 10) This enzyme catalyzes the following reaction:
In the present study, we found that NfdA is an inducible enzyme, and we established the optimum culture conditions for the production of a high amount of NfdA by A. pascens F164.
A. pascens F164, which was isolated from soil samples through an enrichment culture, 10) was used. The subculture was carried out at 28
C for 24 h with reciprocal shaking in a test tube containing 10 ml of 2 Â YT medium (16 g of tryptone, 10 g of yeast extract, and 5 g of NaCl/liter of distilled water) supplemented with NBFA at a final concentration of 0.05% (w/v). Then 1 ml of the subculture was inoculated into a 500-ml shaking flask containing 90 ml of one of the various media to be examined in each experiment. Each cultivation was carried out at 28 C with reciprocal shaking. Two basal media were used. Basal medium I consisted of 16 g of tryptone, 10 g of yeast extract, and 5 g of NaCl per liter of distilled water (pH 6.8). Basal medium II consisted of 10 g of glycerol, 0. 8) per liter of distilled water (pH 7.0). Preparation of cellfree extracts and measurement of NfdA activity were carried out as reported previously. 10) One unit of NfdA activity was defined as the amount of enzyme that catalyzes the formation of 1 mmol of benzylamine/min from NBFA under the standard assay conditions. A. pascens F164 was able to grow on NBFA as a sole nitrogen source, but the growth rate and NfdA activity in the cells were low. To increase deformylase production in the cells, we examined the culture conditions for the strain. First the effect of the two kinds of basal media (I and II) supplemented with 0.05% (w/v) NBFA were investigated. Compared with the nutrient medium (basal medium I, 0.033 units/mg), use of the synthetic medium (basal medium II) resulted in enhancement of NfdA activity (0.098 units/mg). No formation of the deformylase was detected without the addition of NBFA to each basal medium. Thus the synthetic medium with NBFA was found to be suitable for NfdA production. Next, the cultivation time and temperature were examy To whom correspondence should be addressed. Fax: +81-29-853-4605 (Institute) Abbreviations: NBFA, N-benzylformamide; NfdA, N-substituted formamide deformylase; HPLC, high performance liquid chromatography; SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel electrophoresis Biosci. Biotechnol. Biochem., 69 (1), [228] [229] [230] 2005 Note ined. In the examination of cultivation time, each cultivation was carried out in basal medium II supplemented with 0.05% (w/v) NBFA at 30 C with shaking. In the examination of culture temperature, each cultivation was carried out in the same medium for 24 h. The highest specific activity was observed in cells grown for 24 h at 30 C (data not shown). To enhance NfdA activity, the effect of various nitrogen sources was examined. Of all the compounds tested, NBFA was found to be the most effective for enzyme activity (Table 1) . This finding, together with the phenomenon of no formation of NfdA without the addition of NBFA to the medium, suggests that NfdA is an inducible enzyme depending on NBFA. We observed on SDS-PAGE that the crude extract contained a protein that was not synthesized without the addition of NBFA to the culture medium (Fig. 1, lane B) .
Next, the effect of the concentration of NBFA was investigated. Specific activity decreased with increasing concentrations of NBFA added when the final concentration was more than 0.05% (w/v). No significant increase in specific activity was confirmed when the final concentration of NBFA was within the range from 0.01 to 0.05% (w/v) (data not shown). Although the cells grown on the medium containing 0.05% (w/v) NBFA did not exhibit the highest specific activity, they showed the highest total activity (4.63 units). Hence we determined the final concentration of NBFA to be 0.05% (w/v).
To increase the cell growth of the strain, we examined the effects of various carbon sources. The following compounds were used as sole carbon source: glycerol, glucose, galactose, sorbitol, mannitol, sucrose, maltose, lactose, and soluble starch. Each compound (1.0%, w/v) was added to basal medium II with 0.05% (w/v) NBFA. Compared with glycerol, used as sole carbon source in the basal medium II (100%), none of the compounds tested was significantly effective (72-113%). Glucose strongly repressed the formation of NfdA, the inhibition being 28%, indicating that the enzyme, like other inducible enzymes so far known, is also subject to catabolite repression by glucose.
To enhance the cell growth of A. pascens F164, various nitrogen sources in addition to NBFA were added to the medium. The following compounds were tested: NZ amine, casitone, polypepton, tryptone peptone, malt extract, yeast extract, bonito extract, (NH 4 ) 2 SO 4 , NH 4 Cl, NH 4 H 2 PO 4 , and KNO 3 . The addition of each nitrogen source at a final concentration of 0.1% (w/v) in addition to NBFA caused a remarkable decrease in the formation of the enzyme, the inhibition being 27 to 74%. These data suggest that NBFAdependent induction of the enzyme is repressed by the presence of the other nitrogen sources. Moreover, the addition of various inorganic compounds (LiCl, MgCl 2 , CaCl 2 , MnCl 2 , FeSO 4 , FeCl 3 , CoCl 2 , NiCl 2 , CuSO 4 , ZnCl 2 , SrCl, RbCl, CsCl, and NaMoO 4 ) did not enhance NfdA formation.
Based on the above results, a medium containing 0.05% (w/v) NBFA, 1.0% (w/v) glycerol, 0.05% (w/v) K 2 HPO 4 , KH 2 PO 4 , and MgSO 4 . 7H 2 O, 0.0005% (w/v) FeSO 4 . 7H 2 O, and 0.1% (w/v) vitamin mixture in distilled water (pH 7.0) was found to be the most suitable for the preparation of cells with high NfdA activity. When A. pascens F164 was cultured for 24 h at 30 C in this optimum medium at an initial pH of 7.0, the enzyme productivity was high. The maximum enzyme activity amounted to 5.20 units and the specific activity to 0.292 units/mg of protein. Fig. 1 . SDS-PAGE of Cell-Free Extracts of the Cells Cultured with and without NBFA. SDS-PAGE with 7% polyacrylamide gel was performed as described previously (10) . Lane A, the purified NfdA (0.1 mg). Lane B, a cell-free extract (8 mg) of cells cultured with NBFA as sole nitrogen source. Lane C, a cell-free extract (8 mg) of cells cultured with ammonium sulfate as sole nitrogen source. Lane M, marker proteins: phosphorylase b (97 kDa), bovine serum albumin (66 kDa), and ovalbumin (45 kDa). The arrow indicates the protein band of NfdA. The N-terminal amino acid sequence of the band arrowed, which was determined by the method described previously (10) , was the same as that of the purified NfdA (TQMRDLMIIN). This finding, together with the same mobility of the band and the purified NfdA band in SDS-PAGE, indicated that it was NfdA.
Optimum Culture Conditions for N-Substituted Formamide DeformylaseFrom these findings together with the results shown in Fig. 1 and Table 2 , we clarified for the first time that a novel deformylase NfdA is an inducible enzyme, which is probably controlled by an intricate regulatory mechanism, including induction by NBFA and repression by ammonium or glucose, but it is not clear how the expression of the enzyme is regulated by these compounds at the gene and protein levels. Further analysis is necessary to elucidate the regulatory mechanism. 
